ABSTRACT Background: Few studies have investigated the association of dietary carbohydrate and fiber intake with breast cancer risk in women in China, where carbohydrate intake is traditionally high. Objective: The objective was to prospectively evaluate the association of dietary carbohydrates, glycemic index, glycemic load, and dietary fiber with breast cancer risk and to determine whether the effect of these dietary intakes is modified by age and selected insulin-or estrogen-related risk factors. Design: A total of 74,942 women aged 40-70 y were recruited into the Shanghai Women's Health Study, a population-based cohort study. Dietary intake was assessed by in-person interviews. A Cox proportional hazards regression model was used to evaluate associations. Results: During an average of 7.35 y of follow-up, 616 incident breast cancer cases were documented. A higher carbohydrate intake was associated with a higher risk of premenopausal breast cancer (P for trend ¼ 0.002). Compared with the lowest quintile, the hazard ratios (and 95% CIs) were 1.47 (1.00, 2.32) and 2.01 (1.26, 3.19) for the fourth and fifth quintiles, respectively. A similar pattern was found for glycemic load. The association between carbohydrate intake and breast cancer was significantly modified by age; the increased breast cancer risk associated with carbohydrate intake was restricted to women who were younger than 50 y. No significant association of breast cancer risk with glycemic index or dietary fiber intake was found. Conclusion: Our data suggest that a high carbohydrate intake and a diet with a high glycemic load may be associated with breast cancer risk in premenopausal women or women ,50 y.
INTRODUCTION
Recently, the association of dietary carbohydrate intake with breast cancer risk has received a significant amount of attention based on the hypothesis that a high dietary carbohydrate intake increases insulin resistance and increases plasma concentrations of insulin-conditions that may be associated with breast cancer risk (1) (2) (3) (4) . The specific composition of dietary carbohydrates consumed may be particularly important in breast cancer risk. Consumption of high-glycemic-index foods was associated with higher postprandial or fasting plasma insulin concentrations (5, 6) . We recently reported that a high intake of foods with a high glycemic index and a high glycemic load increases the risk of type 2 diabetes mellitus in Chinese women (7) . Some case-control studies (8) (9) (10) and a prospective study (11) have reported that high-glycemic-index foods may be associated with an increased risk of breast cancer. Some prospective studies have shown that the effect of carbohydrates on breast cancer risk may be modified by nondietary risk factors that are associated with estrogen metabolism and insulin resistance, such as menopausal status, body weight, and physical activity (11) (12) (13) Most prospective studies, however, have shown no overall association between dietary carbohydrate intake and breast cancer risk (12) (13) (14) (15) (16) (17) .
Dietary fiber, on the other hand, may decrease breast cancer risk through mechanisms that decrease circulating estrogens (18, 19) . A considerable part of the Chinese diet consists of resistant starch, which contributes to dietary fiber and has a low glycemic index. Epidemiologic studies have reported inconsistent findings on these hypotheses. Some case-control studies have provided evidence to support these hypotheses (20, 21) . Some recent prospective studies have reported inverse associations between dietary fiber intake and breast cancer risk (22, 23) , whereas others have reported no association (12, 14, 24) .
Traditional ecological analysis suggests a positive correlation between national per capita fat consumption and breast cancer incidence and mortality (25) . Chinese women historically have consumed a high amount of carbohydrates, yet have a low risk of breast cancer. As rapid economic development continues in Shanghai, China, there have been substantial dietary changes among Chinese women characterized by increasing fat intake and decreasing carbohydrate intake (26, 27) . Coincidently, Chinese women in Shanghai have experienced a dramatic increase in breast cancer incidence in recent years (27) . However, these ecological correlations were generally not confirmed by epidemiologic studies, most of which were conducted in Western populations, where fat intake is high but carbohydrate intake is low. This study investigated the association of dietary carbohydrate with breast cancer risk in a Chinese population in whom carbohydrate intake is traditionally high but which is decreasing in younger women (26) and may provide an opportunity to disprove the traditional ecological analysis of negative correlation between carbohydrate intake and breast cancer.
In the present study, we prospectively evaluated the association of dietary carbohydrate intake, glycemic index, glycemic load, and dietary fiber intakewith breast cancer risk inthe Shanghai Women's Cohort Study (SWHS). In addition, we investigated whether the effect of these dietary intakes are modified by age and selected insulin-or estrogen-related risk factors in women.
SUBJECTS AND METHODS

Study participants
The SWHS, initiated in March 1997, is an ongoing prospective cohort study being conducted in urban Shanghai, China. The study was approved by the relevant institutional review boards for human research, and the details of the study design were described elsewhere (28, 29) . Briefly, 81,170 women aged 40-70 y who resided in 7 geographically defined communities in urban Shanghai were approached, and 75,221 participated in the study; the response rate was 92.7%. Of those who completed the survey, 279 women were later found to be younger than 40 y or older than 70 y at the time of the baseline interview and thus were excluded from the cohort. The remaining 74,942 women constituted the cohort.
All subjects were interviewed in person by trained interviewers using a questionnaire. The questionnaire included, among other items, questions on sociodemographic factors, dietary and lifestyle habits, menstrual and reproductive history, hormone use, and medical history. Anthropometric measurements, including current weight, height, and circumferences of the waist and hips, were made by trained interviewers who are retired health professional according to standard procedures (30) . All measurements were taken twice with a preset tolerance of 1 kg for weight and 1 cm for height, waist, and hip circumferences. A third measurement was taken if the difference between the 2 measurements was larger than the tolerance limit. The averages of the 2 closest measurements were used in the current analysis.
Dietary assessment
A quantitative food-frequency questionnaire (FFQ) was used to assess usual dietary intake at the baseline survey and again at the first follow-up survey conducted '2-3 y after the baseline measurement. The FFQ was validated against the average of multiple 24-h dietary recalls. The correlation coefficients for macronutrients between the FFQ and the 24-h recall ranged from 0.59 to 0.66 (28) . The FFQ covered .90% of foods commonly consumed in urban Shanghai (28, 29) . During the in-person interviews, each participant was first asked how often, on average, during the past 12 mo she had consumed a specific food or food group (the possible responses ware daily, weekly, monthly, yearly, or never) and then how much they consumed in grams per unit of time. Macronutrient intakes from each food were calculated by multiplying the amount of food consumed by the nutrient content per gram of the food, as obtained from the Chinese food-composition tables (31) . The total dietary intake of macronutrients was calculated by summing across all food items.
The glycemic index ranks foods on the basis of the relative postprandial blood glucose response per gram of carbohydrate (32) . Glycemic index values for individual food items from published data were added to the nutrient database (7) . A food's glycemic load was calculated by multiplying the carbohydrate content of each food by its glycemic index values and its frequency of consumption (33) . Dietary glycemic load for a participant was calculated by summing the values of glycemic load for all food items. Overall dietary glycemic index for a participant was calculated by dividing glycemic load by the amount of carbohydrates consumed.
Identification of breast cancer cases
The cohort has been followed by a combination of in-person surveys and periodic linkage with records kept by the Shanghai Tumor Registry. Every 2 y, the cohort members are interviewed to record details of their interim health history, including their history of cancer, cardiovascular disease, stroke, and other chronic diseases. Every year, we conduct a record linkage of cohort member information with the cancer registry and death certificate registry to ensure a timely and complete ascertainment of new cancer cases and deaths in the study cohort. All possible matches are checked manually and are verified through home visits. Copies of medical charts are obtained to verify cancer diagnoses and to collect detailed information on the pathological characteristics of cancers.
Statistical analysis
The end date of the observation in this study was set as the date of cancer diagnosis or the date of death for deceased cohort members or the date of the last follow-up. For those participants whose last inperson contact was before 31 December 2005, the end date of the observation was set as 31 December 2005, '1 y before the most recent record linkage, to allow for delays in records processing.
Hazard ratios and 95% CIs were estimated by using the Cox proportional hazards regression model (34) . Survival was modeled as a function of age and stratified by birth cohort intervals to control for age and cohort effects (35) . Left truncation was set to the date of the baseline survey.
Dietary intake estimated from only the baseline interview and the average dietary intake calculated from both the baseline interview and the first follow-up interview were analyzed. To prevent bias due to dietary changes related to disease development, the baseline dietary intake was used to replace the average dietary intake for study participants who were diagnosed with cardiovascular diseases, cancers, and diabetes within 1 y before the first follow-up interview.
Carbohydrate and fiber intakes, glycemic index, and glycemic load were adjusted for total energy intake with the regressionresidual method (36) . The energy-adjusted dietary intakes were categorized into quintiles and also analyzed as continuous variables to evaluate linear trends. The interaction of continuous dietary intake variables with age under observation and other common risk factors for breast cancer risk was evaluated with a likelihood ratio test by comparing the Cox models with and without the interaction term. Information on menopausal status was updated at each follow-up interview. Menopausal status and age of observation were treated as time-varying variables when evaluating their interaction with dietary intakes (34) . In addition to total energy intake, age at start of follow-up, education level, body mass index (BMI), age at first birth, breast cancer history in first-degree relatives, personal history of benign breast diseases, and physical activity were also adjusted for in the analyses.
RESULTS
For the current analysis, we excluded 1576 women with a history of cancer at baseline, 28 women with outlier values for dietary intake (.3 SDs from the mean; ie, women with a carbohydrate intake ,50 or .705 g/d or a total energy intake ,388 or .4577 kcal/d), and 10 women who were lost to follow-up shortly after study enrollment. We documented 616 incident breast cancer cases in the remaining 73,328 women during an average of 7.35 y of follow-up (538,899 person-years). Of 616 incident breast cancer cases, 593 cases were invasive carcinoma, 23 cases were in situ carcinoma, 190 cases occurred before menopause, and 426 cases occurred after menopause.
The characteristics of women in the SWHS cohort and the association of known nondietary risk factors with breast cancer risk are shown in Table 1 . Consistent with previous study findings, women who were obese, were older at first birth, had higher levels of education, had a history of breast cancer in a first-degree relative, had a personal history of benign breast disease, or were physically inactive had an increased risk of breast cancer. These risk factors were adjusted for with a Cox regression model in the analyses of dietary intakes.
The association of breast cancer risk with carbohydrate intake, glycemic index, glycemic load, and fiber intake measured at the baseline interview by quintiles for all women in the cohort and separated by menopausal status are shown in Table 2 . Carbohydrate intake was significantly associated with elevated breast cancer risk in premenopausal women (P for linear trend ¼ 0.001). Compared with the lowest quintile, the hazard ratios (and 95% CIs) were 1.47 (1.00, 2.32) for the fourth quintile and 2.01 (1.26, 3.19) for the fifth quintile. However, this association was not seen in postmenopausal women. A similar association pattern was found for glycemic load, which was highly correlated with carbohydrate intake in this study (correlation coefficient ¼ 0.95). No significant association of breast cancer risk with glycemic index or fiber intake was found in either premenopausal women or postmenopausal women. We examined whether the association between carbohydrate intake and breast cancer risk was modified by age or other riskfactors for breast cancer, including education levels, personal history of benign breast disease, and selected insulin-or estrogen-related risk factors, including BMI,physical activity, age atmenarche, and age at first birth. As presented in Table 3 , the association of dietary carbohydrate intake with breast cancer was significantly modified by age (P ¼ 0.002 in all women, P ¼ 0.012 in premenopausal women). The increased breast cancer risk associated with carbohydrate intake was restricted to women who were ,50 y. No age-carbohydrate interaction was found in postmenopausal women (P ¼ 0.940; data not shown). We found no significant interaction between carbohydrate intake and other factors when the analyses included all women, premenopausal women only (as presented in Table 3 ), or postmenopausal women only (data not shown).
We conducted similar analyses for the average dietary intake calculated from both the baseline interview and the first follow-up interview. We also conducted analyses restricted to invasive breast cancer cases only and excluding breast cancer cases that occurred within 1 y of the baseline interview to minimize the possible effect of dietary changes related to subclinical breast cancer. All of these analyses produced results similar to those reported here.
DISCUSSION
In this prospective study we found that a high dietary carbohydrate intake and glycemic load were associated with elevated breast cancer risk in premenopausal, but not in postmenopausal, women in a dose-response manner. We found no clear association between glycemic index or dietary fiber intake and breast cancer risk.
Using an energy-partition model (36) to examine the effect of dietary fat, protein, and carbohydrate intakes, we found that the effect of carbohydrate intake was opposite that of dietary fat and protein intakes. Using a residual model to adjust for total energy intake, we interpreted the coefficients for carbohydrate intake as the effect of substituting a certain amount of carbohydrate (eg, 50 g) for the same amount of energy from noncarbohydrate sources (ie, 1 The hazard ratios and 95% CIs were derived from the Cox regression model with age as the time scale and were adjusted for age at the start of follow-up, total energy intake, education level, BMI, age at first birth, breast cancer history in first-degree relative, personal history of benign breast diseases, and physical activity.
2 Number of breast cancer cases.
fat and protein) while holding constant the intakes of total energy. Thus, we were able to compare the effect of dietary carbohydrate with that of dietary fat and protein and found that dietary carbohydrate intake was responsible for the increase in breast cancer risk in premenopausal women. The proposed mechanisms for a possible etiologic role of dietary carbohydrate intake in breast cancer risk are related to the development or exacerbation of insulin resistance or chronic hyperinsulinemia (1, 3, 37) . Insulin increases cell proliferation, and insulin receptors are expressed in normal and malignant breast tissue; thus, insulin may play an important role in breast cancer etiology (38, 39) . In addition, insulin inhibits the synthesis of insulin-like growth factor binding protein I, increases the bioavailability of insulin-like growth factor I (IGF-I) (2, 40) , and thus increases the risk of breast cancer, particularly in premenopausal women (2, (41) (42) (43) .
Previous prospective studies have generally shown no association between dietary carbohydrate intake and breast cancer risk (12) (13) (14) (15) (16) (17) . A recent prospective study (44) , however, reported that starch-rich foods were associated with an increased risk of breast cancer and ovarian cancer (odds ratio: 1.85; 95% CI: 1.37, 2.48) for the highest consumption quartile compared with the lowest quartile. Another prospective study (12) reported that body weight modified the association of carbohydrate intake with breast cancer risk and that carbohydrate intake was positively related to breast cancer risk only among overweight premenopausal women. The authors of the study postulated that obesity, as an important determinant of insulin resistance, might exaggerate adverse metabolic responses related to carbohydrate intake. In our study, we did not find that body weight or other risk factors for breast cancer modified the association between carbohydrate intake and breast cancer risk. However, we found that the effect of carbohydrates on breast cancer risk was modified by menopausal status and age, with the increased risk associated with high dietary carbohydrate intakes being observed only among premenopausal women or women younger than 50 y. Previous studies have shown that plasma IGF-I is particularly relevant to breast cancer risk in premenopausal women (41) (42) (43) , given that estradiol enhances the action of IGF-I in the breast (45) . Our findings support the hypothesis that the effect of carbohydrate intake on breast cancer risk may be mediated by insulin and IGF-I.
Traditional ecological analysis (25) and the fact that while carbohydrate intake has been decreasing in Shanghai, breast cancer incidence has been increasing (26, 27) indicate a negative association between carbohydrate intake and breast cancer. In contrast, however, we found a positive association between carbohydrate intake and breast cancer in premenopausal women and women younger than 50 y in this study. The heterogeneity of the association 1 The hazard ratios (HRs) and 95% CIs were derived from the Cox regression model with age as the time scale and were adjusted for age at start of follow-up, total energy intake, education level, BMI, age at first birth, breast cancer history in firstdegree relative, personal history of benign breast diseases, and physical activity. The increment is 50 g of increase in carbohydrate intake for the HRs and 95% CIs.
2 For the tests of interaction.
between carbohydrate intake and breast cancer across age groups (effect modification by age group) may be the reason for such a large ecological bias (46) . In this study, glycemic load, a product of carbohydrate quantity and quality, was highly correlated with total carbohydrate intake (correlation coefficient ¼ 0.95). Therefore, glycemic load has an effect on breast cancer risk similar to that of total carbohydrate intake. Glycemic index, on the other hand, was not found to be associated with breast cancer risk. A recent study (47) reported similar findings in which endometrial cancer risk was associated with total carbohydrate intake and glycemic load, but not with glycemic index. A possible explanation for these findings was ascribed to the narrow range and centered distribution of the observed glycemic index values present in the data (47, 48) . In our data, the glycemic index range was also narrow (interquartile range ¼ 6.6; CV ¼ 7.4%), and 2 food groups, rice and noodles (73.9%) and steamed bread (73%), contributed to .80% of the dietary glycemic load in the study population (7) . In addition, the well-known carbohydrates (eg, sugar, fructose, or fat-containing foods) have a low or medium glycemic index. It is difficult to determine the effect of glycemic index with this type of distribution.
The strengths of this study include its large sample size, its prospective cohort design, its extraordinarily high participation rate (92.7%) at baseline recruitment, and its collection of detailed information on many potential confounders. As with any epidemiologic study using an FFQ, a potential limitation is that the assessment of dietary intake is prone to measurement errors. However, dietary intake was measured twice, first during the baseline interview and then at the first follow-up survey. We analyzed the average dietary intakes from the 2 measurements and found similar results when only dietary intakes from the baseline interview were analyzed. For example, the hazard ratios (and 95% CIs) for every 50-g increase in carbohydrate intake in premenopausal women were 1.59 (1.20, 2.10) when analyzing the baseline data and 1.51 (1.23, 1.86) when analyzing the averaged data (data not shown in the tables). This comparison and the other strengths of this study may alleviate some concerns about dietary measurement errors. Another limitation of this study was that we did not analyze the effect of specific types of carbohydrates (eg, fructose and sucrose), because we were not able to derive these variables from the FFQ data. Some studies have suggested that a high intake of fructose and sucrose may increase the risk of cancer (49, 50) .
In conclusion, our data suggest no association of dietary fiber with breast cancer risk and a positive linear association of dietary carbohydrate intake and glycemic load with breast cancer risk in premenopausal women or women younger than 50 y.
